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CONTRIBUTIONS TO THE LIFE HISTORY OF SACRAMENTO PERCH,
ARCHOPLITES INTERRUPTUS, IN PYRAMID LAKE, NEVADA
Steven Vigg^'^ and Paul A. Kucera^-'^

Abstract.— During a two-year period (1976-1977), 180 Sacramento perch {Archoplites interruptus) were sampled
from Pyramid Lake, Nevada, on a monthly basis using several capture methods in all lake areas. Age and growth determinations of these fish were inconsistent with previous research on this species. Sacramento perch are entirely
carnivorous, adults feeding primarily on tui chub (Gila bicolor). Fish accounted for 6 percent of the diet (by volume)
Sacramento perch less than 300 mm fork length, and 98 percent for those exceeding 300 mm. Amphipods, Odoand Chironomidae composed 6.3, 5.7, and 1.8 percent, respectively, of the stomach contents by volume for all
sizes combined. Females spawned from June to August when water temperatures approached 20 C, and their gonad
weight was about 6 percent of the total body weight. A sample of 20 female perch had a mean fecundity of 84,203
eggs. The mean diameter of mature eggs was 0.88 mm. Sacramento perch almost exclusively inhabit the littoral zone
of Pyramid Lake. Activity, as indicated by net catches, was greatest during the warm months of May to October.
Monthly catches were significantly correlated with temperature (r = 0.577, P<0.01). No short-term changes in pop-

of

nata,

ulation abundances

were observed during 1976-1977.

The Sacramento perch is the only warm
water gamefish in Pyramid Lake. Its preference for warm, shallow water makes it available to shore as well as boat fishermen during
months

the hottest

of the year,

when

1959). The species is endemic to the S
mento-San Joaquin drainage systems of
fornia (Aceituno and Nicola 1976) (Fi
Sacramento perch probably attained
present distribution during the Mic
epoch, some 25 million years ago (f

trout

are relatively inaccessible. Although not
abundant, the Sacramento perch supports a

summer

limited

food

fish.

site in

An

and

fishery

is

1959).

central California indicated that Sac-

ramento perch was the most abundantly

uti-

lized species (51 percent of the remains)

by
and

Simons 1973). In 1931 Walford noted that
was esteemed by anglers. In recent years interest has been renewed in this fish both as a game fish and as
a candidate for the list of endangered species
(Aceituno and Nicola 1976). It is currently
the Sacramento perch

depleted (Miller 1972).
is the only member
of the sunfish (Centrarchidae) family naturally distributed west of the Rocky Mountains (Murphy 1948). It is the only living

classified as

The Sacramento perch

member

of the genus Archoplites, a relict of

an ancient fauna that probably evolved before the formation of the Sierra

Rocky Mountain ranges
'W. F. Sigler

&

Associates, Inc., P.O.

Nevada and

(Miller 1946, 1958,

Box

1.350,

.

the Snake River and Sacramento River

c

ages (Miller and Smith 1967).
Lockington (1879) described

Sacra-

the

mento perch population of the lower Sacramento and San Joaquin Rivers as being abundant in the late 1800s. Nevertheless, the
species was noted to be declining in its native
range before the turn of the century (Jordan
and Evermann 1896). After the turn of the
century it was considered uncommon (Rutter
1908), and by the end of the 1940s it was
considered scarce, except in a few isolated localities (Murphy 1948, Curtis 1949). By 1955
the Sacramento perch was occupying only a
fraction of

its

original range in California,

being limited to 14 small and disjunct bodies
of water (Aceituno and Nicola 1976). The decline of Sacramento perch in its native habitat

has been attributed to predation, habitat

I^gan, Utah 84322.

Nevada 89506.
and Wildlife Department, Colville Confederated Tribes, Nespelem, Washington 99114.

-Present address: Bioresources Center, Desert Research Institute, Reno,
'Present address: Fish

'

of fossil Archopli

ancient Lake Idaho suggests a former h
graphic connection between what are

an excellent

analysis of an aboriginal fishing

the prehistoric Native Americans (Schulz

The occurrence
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1.

Original distribution of Sacramento perch (after Aceituno

interspecific competition for
food and space, and reduced abundance of
native cyprinid prey (Jordan and Gilbert
1895, Neale 1931, Dill and Shapovalov 1939,

degradation,

Murphy
1973,

1948, 1951,

Moyle

et al.

Mathews

1962, Hopkirk

1974). Aceituno

and Ni-

cola (1976) discuss these relationships in detail and suggest that competition from introduced exotic centrachids is a probable
cause of the demise of Sacramento perch in

California.

and Nicola

1976).

As Sacramento perch began declining in
were introduced into
other waters. H. G. Parker (first fish commissioner of the State of Nevada) planted Sacramento perch from the Sacramento River into
Washoe Lake in 1877 (LaRivers 1962). The
species was subsequently distributed to other
waters of Nevada, including Pyramid and
Walker Lakes. By 1897 a relatively large
population of Sacramento perch had apparently been established in Pyramid Lake,
their native range, they
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because Fish Commissioner G. T. Mills reported a commercial Indian fishery for the
species (LaRivers 1962). Aceituno and Nicola

summarized efforts to reestablish Sacramento perch in California waters. They
noted that nearly all the waters where Sacramento perch now exist in California are arti(1976)

the species

is

vir-

data, in conjimction with length

and

introductions,

ficial

tually nonexistent in

i.e.,

its

original range.

Age and Growth
Age

relevant to ecological relationships of a fish

frequently used

method

The most

of age determination

measurement
and interpretation of growth zones on the
in a

temperate region

hard parts of

is

the

fishes, particularly, scales.

The

aging techniques used in this study
were not definitive for Sacramento perch.
Annual growth increments of 104 Sacraclassic

mento perch taken from Pyramid Lake during 1976-1977 exhibited a different pattern
than had been previously reported for the
species from Pyramid Lake and other waters
(Table 1). The back-calculated length of SacTable

1.

Comparison

of

Calculated

California

Nevada
Walker Lake
(Allan 1958)

Pyramid Lake
(Johnson 1958)

Pyramid Lake
(Mathews 1962)
Pyramid Lake
(This study)

at

time of

first

annulus forma-

tion during this study (137-244

84

mm)

is

com-

parable to the length reported at the second
or third annulus of Sacramento perch sam-

pled from Pyramid Lake by Johnson (1958)

and Mathews (1962) and from Walker Lake
by Allan (1958). The mean annual growth increments (in length) of Sacramento perch
collected in 1959 by Mathews (1962) were,
however, much greater than those calculated
during this study. If, however, our 1976-1977

make

the length at

first

annulus (males) or first and second annuli (fe
males) equal to that of Mathews (1962), then
the subsequent annual growth increments are
more comparable between the two time periods (Table 2). Such an adjustment, partitioning out the length at first annulus into the
proportion determined by Mathews (1962), is
but it suggests possible explana-

arbitrary,

tions of the

nulus

ambiguous

results: (1) the first an-

may be obscured

or not laid

down

the

was interpreted
as a check mark and disregarded, and (3) previous workers interpreted actual check marks
first

year,

(2)

a true annulus

as true annuli.

Annulus formation is probably a function
and temperature in Pyramid Lake. Sacramento perch are spawned
late in the year in Pyramid Lake due to the
relatively slow warming of the water
(Mathews 1962). Following scale formation
of food availability

Sacramento perch growth from different CaUfornia and Nevada waters.

Locality

Lake Greenhaven
(Mathews 1962)
Lake Almanor
(Mathews 1962)
Lake Anza
(Mathews 1962)
King Fish Lake
(Mathews 1962)
Clear Lake
(Murphy 1948)

ramento perch

data are adjusted to

weight measurements, comprise an important
aspect of fisheries biology because it provides
information on stock composition, age at
maturity, life span, mortality, growth, and
production (Tesch 1971). This information is
species living in various habitats.

Vol. 41, No. 3

mean

fork length

(mm)

at

each annulus

September 1981
Table

2.

1976-1977.
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Annual growth increments of Sacramento perch sampled from Pyramid Lake during 1959 and
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The specimens were captured
on the bottom at depths of 0-15

length.
shore,

various lake areas during

seasons.

in

The 12

(28.6 percent) were seen
from May through August, and may have
been due to regurgitation.

empty stomachs

4. Average length (mm), weight (g), and condition factors of female and male Sacramento perch collected
Pyramid Lake, Nevada, from 1975 to 1977.

Table
in

all

in-

Vol. 41, No. 3

Length

September 1981

Food items

ViGG, Kucera:

in the

Sacramento Perch

Sacramento perch stom-

achs were separated into

six categories: fish,

Odonata, Chironomidae, Amphipoda, algae,
and digested matter. Fish had been eaten by
65.6 percent of the Sacramento perch whose
stomachs contained food and accounted for
nearly 86 percent of the total volume of
stomach contents (Table 5). Johnson (1958)
reported that 49 of 54 (90 percent) of the
Pyramid Lake Sacramento perch containing
food in their stomachs had eaten fish. In
Walker Lake, Allan (1958) determined that
110 of 164 (67 percent) of the Sacramento
perch containing food in their stomachs had
eaten

fish.

This piscivorous nature of Sacra-

mento perch has been well documented
(Neale 1931, Murphy 1948, Jonez 1955,
LaRivers 1962, Mathews 1962, Sigler and
Miller 1963).

During this study, all fish identified from
stomachs of Sacramento perch were tui
chubs. Johnson (1958) also found Sacramento
perch from Pyramid Lake to predominantly
contain tui chub minnows 25-127 mm in
length, and Allan (1958) stated that all identifiable fish from stomachs of Sacramento
perch in Walker Lake were tui chubs 38-178
mm in length. Moyle et al. (1974) and
Mathews (1962) found tui chubs, Tahoe suckers, and other Sacramento perch in the stomachs of Sacramento perch from Pyramid
Lake.

The proportion

of fish in the diet increases

Sacramento perch increases
(Table 6). Only 3 of 11 Sacramento perch
203-292 mm in length had eaten fish, whereas 17 of 19 perch measuring over 300 mm
had fish in their stomachs. The percentage of
as the size of the

Table
ing 1976.

5.

Stomach contents

of

283

food volume of Sacramento
perch from the two groups is even more
striking. Fish amounted to only 6 percent of
the volume for Sacramento perch less than
300 mm in length, but 98 percent for those
exceeding 300 mm. Moyle et al. (1974) and
Mathews (1962) noted a transition from invertebrates to fish in the diet of Sacramento
perch at a much smaller size, i.e., Sacramento
perch over 90 mm in fork length sampled
during July 1961 from Pyramid Lake contained over 90 percent fish, by weight, in
their stomach contents. This discrepancy may
be partially explained by depth of habitat
sampled. Fish in this study were captured in
gill nets up to a depth of 15 m. Mathews
fish in the total

primarily used minnow seines (also
rotenone and angling), which restricted sampling to relatively shallow areas where small
forage fish are more available for predation.
Odonata comprised nearly 42 percent of
the benthic invertebrates in stomachs of Sacramento perch. They accounted for 5.7 percent of total Sacramento perch food and had
been eaten by 13.3 percent of the specimens
examined. Odonata are relatively abundant in
the tufa and rock areas of Pyramid Lake inhabited by adult Sacramento perch. Chironomidae had been eaten by 9 of 30 Sacramento
perch examined and composed 1.8 percent of
the total volume. As Sigler and Miller (1963)
observed, Sacramento perch of all sizes feed
(1962)

on Chironomodae. Chironomidae were consumed throughout the year but in the largest
volumes during May, June, and July. Amphipoda had been eaten by 20 percent of the
Sacramento perch (mostly small fish) and accounted for 6.3 percent of the total volume

30 Sacramento perch (203-376

mm

fork length) from

Pyramid Lake, Nevada, dur-
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Mathews (1962) also observed that
small (49-77 mm) Sacramento perch fed
heavily on amphipods (71.7 percent of the
diet), and larger Sacramento perch depended
much less on benthic invertebrates (6.3 percent of the diet), of which odonata were the
most important constituent.
The feeding behavior of Sacramento perch
in Pyramid Lake is not known in detail.
of food.

Moyle

et

al.

(1974) concluded from stomach

Vol. 41, No. 3

the preferred food of Sacramento perch large
enough to consume fish. The highest Sacramento perch predation on fish occurred during May- August when adult tui chubs were
inshore spawning and young-of-the-year tui
chubs were present in high numbers. Mathews (1962) examined 216 Sacramento perch
from Lake Anza, California, and showed the
highest occurrence of predation on fish to occur from May-September.

analyses that Sacramento perch fed primarily

by picking invertebrates off the bottom substrate or by capturing organisms in midwater.
LaRivers (1962) characterized Sacramento
perch as "lurkers," hiding in rocky crevices,
apparently in wait for passing prey. In Pyramid Lake, the convoluted habitat of tufa formations, combined with huge schools of tui
chubs in shallow water, would make the lurking method of predation efficient for any piscivorous

fish.

Sacramento perch can be categorized as a
stenophagous species, i.e., they subsist on a
limited variety of foods. Sacramento perch
are entirely carnivorous,

becoming almost

to-

when

they attain a large
enough size. Their macroinvertebrate prey
are restricted to benthic species that cohabit
in shallow rocky areas. The great abundance
tally

and

piscivorous

availability of all sizes of tui

shore during the

Table

6.

chubs

in-

summer months make them

Reproduction
Sacramento perch ripen and spawn in various bodies of water at temperatures ranging
from 20.0 to 23.9 C (Murphy 1948, Mathews
1962, 1965, McCarraher and Gregory 1970,

1975, Aceituno and Vanicek
Pyramid Lake, Sacramento perch
spawn from June through August, beginning
when water temperatures approach 20 C.

Imler et

al.

1976). In

Collection of young-of-the-year perch in late
July and August 1976, when water temperatures were 21.1 to 22.2 C, further delineated

Sacramento perch's spawning season

mid Lake. The

in Pyra-

highest net catch rate of adult

Sacramento perch in spawning condition was
observed at the delta early in August; relatively large numbers of postlarval Sacramento perch were seined in this area by the
end of the month. Female Sacramento perch

Percentage of total volume and frequency of occurrence of food items consumed by Sacramento perch in
Perch were captured from January through December 1976 from Pyramid Lake, Nevada, with bot-

relation to size.

tom-set horizontal

gill

nets.

ViGG, Kucera:
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Sacramento Perch

spawn when

their gonad weight is about 6
percent of the total body weight. In 1976,
this

GSI was reached during July and August.
littoral areas with substrates of

Shallow

and/ or rooted aquatic
plants are characteristic spawning habitats of
Sacramento perch (Murphy 1948, Mathews
1965, McCarraher and Gregory 1970). Spawners are generally paired, and they exhibit increasingly aggressive behavior that culminates in egg deposition in which both fish are
often vertically positioned with the vents
gravel, boulders, algae,

(Murphy 1948). The eggs are
long adhesive strings laid conspicuously over a discrete area of substrate
about 0.5 m in diameter. Unlike other centrarchids, Sacramento perch exhibit little if
any nest-building behavior (McCarraher and
Gregory 1970). After completion of spawnclose together

formed

ing, the

in

male may (Mathews 1965) or may

not (Miller 1948) display nest-guarding territoriality for several

sence of

this

days.

Presence or ab-

protective behavior

would cerScuba
Sacramento

tainly affect reproductive success.

diving observations indicate that

perch exhibit nest-guarding territoriality in
Pyramid Lake.
Although actual spawning of Sacramento
perch in Pyramid Lake was not observed
during this study, tufa formations probably
provide suitable spawning substrate. Net
catches of young-of-the-year Sacramento
perch in the vicinity of the pinnacles and the

of fry to maturity (McCarraher

and Gregory
Sacramento perch successfully reproduced in saline Colorado ponds ranging from
1970).

1,000-19,000 mg/1 TDS, with total alkathan 400 mg/1 (Imler et al. 1975).
It is generally conceded, however, the alka-

linity less

linity

(NaCl)

fish

was

The

delta area

introduced in the late 1800s.
may be an important nursery
area for Sacramento perch, because the largest catch of postlarval juveniles was taken in
first

this area.

Eggs and young probably have

higher survival rates in the vicinity of
Truckee River inflow due to reduced total
dissolved solids (TDS) levels. Fry and fingerling Sacramento perch are less tolerant of
high TDS than adults, and apparently a mortality threshold greatly reduces the survival

TDS

constituent harmful to fish

Mitchum

may

1960).

also directly affect the re-

potential

of

adult

Sacramento

probably the mechanism that
eliminated this species from Walker Lake.
Walker Lake's now extinct Sacramento perch
reached their limit of "alkalinity" tolerance
when they could no longer reproduce in the

perch and

early 1950s,

is

when

the total alkalinity

was ap-

proximately 2,500 mg/1 as HCO3 (Cooper
1978). Natural reproduction did not occur in

Nebraska hatchery ponds unless the total alwas less than 2,000 mg/1 over the
summer months (McCarraher and Gregory
1970). Several of the adult females sampled
during 1976-1977 in Pyramid Lake exhibited
hardened ovaries; concurrent alkalinity levels
were in excess of 1,400 mg/1. This condition
kalinity

certainly impairs reproductive success. If the

proportion of sexually viable females in the
population were decreased in Pyramid Lake
by increasing concentrations of alkalinity, the
Sacramento perch would eventually be elimi-

nated from the lake.
Sacramento perch from Pyramid Lake usu-

mature sexually at a mean length of 227
Sexually mature males range in mean
length from 160-295 mm, and females at
213-327 mm. Decreasing numbers of male
Sacramento perch at larger sizes have been
noted by other workers. Mathews (1962)
stated that creel census data from Pyramid
Lake revealed that about six females per
male were taken and that the ratio of older
fish was imbalanced in favor of females. In
research on Lake Anza, Mathews (1962) also
found that all age group V and VI perch
were females. Survival of females to older
age groups maintains a higher reproductive
potential while altering the sex ratios toward

mm.

Pramid Lake has apparently resulted in
maintenance of a stable population since the

the

productive

ally

in

is

Alkalinity

The abundant wind-blown tumbleweed in Pyramid Lake may also provide
spawning substrate; this plant was utilized by
Sacramento perch in White Lake, South Dakota (McCarraher and Gregory 1970).
Natural recruitment of Sacramento perch

(carbonates-bicarbonates) and not salt

(Beatty 1959,

delta attest to successful reproduction in
these areas.

285

the female.

Sacramento perch exhibit high fecundities,
do most members of the family Centrarchidae. During 1976-1977, a sample of 20 female Sacramento perch from Pyramid Lake

as

286
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Table 7. Comparison of mean fecundities of Sacramento perch from Pyramid Lake, 1959-1961 and
1976-1977.
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None were captured

at

Sacramento Perch

depths greater than

m

nor in offshore (Hmnetic) waters at any
depth. The Httoral zone (0-15 m) of Pyramid
Lake provides only about 11 percent of its

23

surface area and about 1.27 percent of the to-

volume.
LaRivers (1962) notes the sedentary nature
of Sacramento perch and their association
with rocky habitats and crevices. Recent observations by divers confirm the observation
that these fish congregate around rocky
points, breakwaters, and tufa caves. Our
quantitative net samples indicate that the
greatest numbers of Sacramento perch were
taken in areas of tufa substrate. The favored
habitat of this fish seems to be areas of extensive tufa development, e.g., the Pyramid and
tal

vicinity.

Hells Kitchen, the Pinnacles,

and

Pelican Point.

There was no apparent short-term change
abundance of Sacramento perch during
1976 and 1977. The mean catch effort of 177
standardized (18 hr) gill net sets during 1976
in

(0.29 fish/net)

was not

significantly different

from that of 172 comparable net sets during
1977 (0.33 fish/net) (P = 0.77, F = 0.09).
Due to high within-season variation, no sig-

287
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removed

or in highly alkaline lakes that sup-

minnow
(McCarraher and Gregory 1970). Of

port only a naturally reproducing
species

waters inhabited by Sacramento perch.
Pyramid Lake's environment is most conducive to longevity and maximum growth
(Aceituno and Vanicek 1976). The alkaline
waters of Pyramid Lake result in a low speall

cies diversity.

Vol. 41, No. 3

Department of

Mathews (1962) attributed the
by Sacramento perch in
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